Cancer immunotherapy attempts to harness the body's own immune system to generate a robust anticancer response. However, preservation of homeostasis requires the presence of multiple inhibitory checkpoints. Thus, negative receptors on immune cells can serve as pivotal regulators of immune escape in cancer. In a report that we have recently published in *Cancer Research*,[@R1] we explored the extent of synergy and cooperative interactions between the inhibitory receptors LAG-3 and PD-1 in several cancer models.

PD-1 (programmed death 1, CD279, gene name *PCDC1*) is a negative co-stimulatory molecule that play san important role in restraining adaptive immune responses. Its ligand, PD-L1, is expressed on multiple cell types including B cells, T cells, dendritic cells (DCs), macrophages and tumor cells. Engagement of the PD-1/PD-L1 pathway results in bidirectional activity, including inhibition of T-cell effector function, cytokine secretion, and proliferation. High levels of PD-1 are associated with exhausted or chronically stimulated T cells. Moreover, increased PD-1 expression correlates with reduced survival in cancer patients.[@R2]

LAG-3 (lymphocyte activation gene, CD223, gene name *LAG3*) is a negative regulatory molecule expressed upon activation of various lymphoid cell types. Its high-affinity binding to MHC Class II leads to negative regulation of T cell proliferation and homeostasis. In addition, LAG-3 is required for the optimal function of both natural and induced immunosoppressive T~reg~ cells.[@R3]^,^[@R4] We and others have demonstrated the co-expression of LAG-3 and PD-1 by tumor-infiltrating lymphocytes (TILs).[@R5]^,^[@R6] This dual expression is enriched in lymphocytes infiltrating certain human malignancies and correlates with impaired CD8^+^ effector function. These data, along with other preclinical findings, suggest that dual inhibition of the negative regulators LAG-3 and PD-1 could enhance T effector activity and improve antitumor immunity.

In our recent *Cancer Research* article,[@R1] we demonstrated that combinatorial blockade of PD-1 and LAG-3 (with monoclonal antibodies) synergistically limited the growth of established tumors, using multiple transplantable cancer models that were largely resistant to either antibody-based monotherapy. Surprisingly, over three-quarters of mice bearing MC38 carcinoma or Sa1N fibrosarcoma and co-treated with anti-PD-1 and anti-LAG-3 antibodies cleared tumors completely and survived for long periods with no evidence of disease. Importantly, mice receiving combinatorial anti--LAG-3/anti--PD-1 immunotherapy displayed no evidence of systemic or organ-specific autoimmunity, despite efficient tumor clearance.

We also generated mice harboring null mutations in both the *Lag3* and *Pdcd1* genes. The spontaneous autoimmune phenotype and lethality caused by these mutations,[@R1] not seen in either single knockout mouse, demonstrates clear synergy between LAG-3 and PD-1. Importantly, *Lag3^─/─^Pdcd1^─/─^* mice were able to resist the growth of multiple transplantable tumors including B16 and MC38-derived neoplasms. Molecular analyses of tumor-bearing mice revealed enhanced interferon γ (IFNγ) production in tumor-draining lymph nodes and TILs, phenotypically similar to the dual antibody-treated mice ([Fig. 1](#F1){ref-type="fig"}). These findings again demonstrate the clear synergy between the PD-1 and LAG-3 inhibitory pathways in tolerance to both self and tumor-associated antigens, suggesting that the dual blockade of these signaling pathways may represent a promising therapeutic strategy for cancer patients.

![Untreated tumors are infiltrated with a high ratio of regulatory T-cells (Treg) to effector T-cells. Dual inhibition of the negative regulatory molecules PD-1 and LAG-3 leads to enhanced CD8:Treg infiltration, proinflammatory cytokine production, and increased survival of tumor-bearing animals.](onci-1-1172-g1){#F1}

There is considerable interest in the therapeutic potential of targeting inhibitory molecules in cancer, which has seen renewed impetus following the recent approval of ipilimumab (anti-CTLA-4; cytotoxic T-lymphocyte-associated protein 4; CD152) for the treatment of metastatic melanoma. Although results from Phase III clinical trials demonstrated a clear survival benefit,[@R7] notable immune toxicity was observed, raising concerns that combinatorial therapy with ipilimumab may result in clinically significant levels of side effects. Thus a key challenge for future combinatorial immunotherapy approaches is whether it will be possible to achieve increased efficacy without enhanced toxicity.

CTLA-4, PD-1 and LAG-3 are inhibitory molecules expressed during T-cell activation. However, high LAG-3/PD-1 expression is mostly restricted to infiltrating TILs. Thus, LAG-3/PD-1 combinatorial immunotherapy may exhibit less systemic toxicity than CTLA-4 blockade while promoting potent tumor-specific responses. BMS 936,558 (MDX-1106), a blocking antibody that targets PD-1, has been evaluated in a Phase I clinical trial in refractory solid tumors.[@R9] Blockade of PD-1 was well tolerated, with only one serious adverse event reported in this first-in-man trial. Thus, it is possible that BMS 936,558 will show less toxicity than ipilimumab despite comparable efficacy. While BMS 936,558 may prove effective as a standalone therapy, combinations with other immunotherapeutic, chemotherapeutic or radiotherapeutic agents are likely to increase efficacy in a substantial fashion. Indeed, a trial combining anti-PD-1 with CTLA-4 blockade is currently accruing (NCT01024231).

Our demonstration of potent synergy between LAG-3 and PD-1 highlights a promising immunotherapeutic combination for future trials. Nevertheless, the spontaneous autoimmune phenotype observed in *Lag3^─/─^Pdcd1^─/─^* mice suggest the existence of a potentially thin borderline between efficacy and toxicity. Our study has also highlighted the difficulty in predicting the outcome of combinatorial treatments. As a monotherapy, anti-LAG-3 appeared to have modest effects depending on the tumor model, but was highly effective when combined with anti-PD-1. So, although anti-LAG-3 has not yet been evaluated in the clinic, one might predict that it will result in improved efficacy when combined with approaches such as anti-PD-1 therapies.

Future therapeutic strategies may also combine dual PD-1/LAG3 blockade with other modalities that target different effector or regulatory populations or pathways. These might include monoclonal antibodies against other immune checkpoints or inhibitory molecules such as the recently identified inhibitory cytokine IL-35,[@R10] targeted therapies including tyrosine kinase inhibitors, focal radiotherapy, therapeutic vaccination and/or cytotoxic chemotherapy. Given the dangers of enhanced toxicity inherent in combination regimens, the most efficient combinations may be those that target disparate cell populations and mechanisms, or those that exhibit minimal toxicity as monotherapies.
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